NASA 

National Aeronautics and 
Spare Administration 

Lyndon B. Johnson Spate Canter 

Houston Texas 77058 



KES01TS CP TBANSONIC TESTS 
XU THE NASA/MSFC 14-INCH TBISCNIC NINft 
TUNNEL ON A 0.004-SCAL1 NODE! (74-OTS1 SfACE 
SHUTTLE LAUNCH VEHICLE (PA25) (Chrysler 
Oorp.) 375 p H X A16/HF A01 CSCL 22B G3/16 


N79-16908 


Unclas 

13925 


SPACE SHUTTLE 

HR0THERIR0DYRRH1IC DRTR REPORT 


DctO ftlOriAGEMENT SERVICES 

■pace division CHRYSLER 

CORPORATION 



January,. 1979. 


DMS- DR-24 37 
NASA CR- 15 1,766 

RESULTS OF TRANSONIC TESTS IN THE NASA/MS FC 
14- INCH TRISONIC WIND TUNNEL ON A 0.004-SCALE 
MODEL (74-OTS) SPACE SHUTTLE LAUNCH VEHICLE 
(FA25) 


by 

Thomas E. Lundy 

Lockheed Missile and Space Division 
Huntsville, Alabama 


Prepared under NASA Contract Number NAS9-13247 


by 

Data Management Services 

Chrysler Corporation Michoud Defense-Space Division 
New Orleans, La. 70189 


for 

Engineering Analysis Division 
Johnson Space Center 

National Aeronautics and Space Administration 
Houston, Texas 


WIND TUNNEL TEST SPECIFICS: 


Test Number : 

NASA Series Number: 
Model Number: 

Test Dates: 
Occupancy Hours: 


MSFC TWT 652 

FA25 

74-OTS 

April 21-28, 1978; July 14-31, 1978 
142 


FACILITY COORDINATOR: 

C. D. Andrews 
ED32 

Marshall Space Flight Center 
Huntsville, Alabama 35812 

Phone: (205) 453-5558 


PROJECT ENGINEERS: 

Paul Ramsey 
ED32 

Marshall Space Flight Center 
Huntsville, Alabama 35812 

Phone: (205) 453-3152 


Thomas E. Lundy 

Lockheed Missile and Space Division 
4800 Bradford Drive, N.W. 
Huntsville, Alabama 35805 

Phone: (205) 837-1800 


DATA MANAGEMENT SERVICES: 

Prepared by: Liaison/Operations— J. E. Vaughn 


Reviewed by: G. G. McDonald 


Approved 


M>ata Operatic 


Concurrence : 


Manager 
fions 



Kemp ^^ taf 


ger 

ta Management Services 


Chrysler Corporation Michoud Defense-Space Division assumes no respon- 
sibility for the data presented other than display characteristics. 


RESULTS OF TRANSONIC TESTS IN THE NASA/MSFC 
14-INCH TRISONIC WIND TUNNEL ON A 0.004-SCALE 
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ABSTRACT 

An experimental Investigation of the Space Shuttls Launch Vehicle 
was conducted In the NASA-MSFC 14-Inch Wind Tunnel (TWT-652; FA25). 

The primary objective of the test was to determine the aerodynamic 
increments due to the attach structure. Secondary objectives were to 
determine the effects of: (1) Orblter nose mold line changes; (2) wire 

bundle fairings on dAta measurements; and (3) flow angularity. 

The 0. 004-scale model was tested over the Mach range from 0.60 to 
1.25 at angles of attack and sideslip from -8 to +8 deg. The total 
pressure was 22 psla for all runs. Six— component orblter data were 
obtained from a balance in the orblter which was sting supported. The 
External Tank was attached to the solid rocket booster, each of which 
Was sting supported. An alternate two sting/ two balance arrangement 
was also tested with a single sting and balance In the External Tank 
measuring combined ET/SRB aero data replacing the two stings In the 
SRB's. Two runs were also made at Mach number 4.96 with the two SRB's 
removed. 

The aerodynamic coefficients obtained from the test are tabulated 
as a function of angle of attack or sideslip for each Mach number value. 
Representative plots of the data are also Included. 
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NOMENCLATURE 


SYMBOL 

COMPUTER 

NOTATION 

DEFINITION 

A 

- 

cross sectional area. In 2 

AF 

- 

axial force, lbs 

- 

BREF 

lateral reference length. Inches 

C A 

CA 

axial force coefficients 


CAO 

orblter 


CATS 

ET and SRBs 


CAT 

launch vehicle 


CAFT 

launch Vehicle forebody 


CAFO 

orblter forebody 


CABO 

orblter base 


CAFTS 

ET and SRBs forebody 


CAbT 

ET base 


CABLS 

left SRB base 


CABRS 

right SRB base 

°D 

CD 

drag coefficient 


CDO 

orblter 


CDTS 

ET and SRBs 


CDT 

launch vehicle 

C A 

CBL 

rolling moment coefficient 


CBLO 

orblter 


CSLO 

orblter, stability axis 


CBLTS 

ET and SRBs 


CSLTS 

ET and SRBs, stability axis 


CBLT 

launch vehicle 


CSLT 

launch vehicle, stability axis 




-^ 4 , 
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NOMENCLATURE (Continued) 


SYMBOL 


COMPUTER 

NOTATION 


DEFINITION 


D 


°N 


CL 

lift coefficient 

CLO 

orblter 

CLTS 

ET and SRBs 

CLT 

launch vehicle 

CLM 

pitching moment coefficient 

CLMO 

orblter 

CLMTS 

ET and SRBs 

CLMT 

launch vehicle 

clmFt 

launch vehicle forebody 

CLMFO 

orblter forebody 

CMBO 

orblter base 

CMBFO 

orblter body flap 

CYN 

yawing moment .coefficient 

CYNO 

orblter 

CLNO 

orblter, stability axis 

CYNTS 

ET and SRBs 

CLNTS 

ET and SRBs, stability axis 

CYNT 

launch vehicle 

CLOT 

launch vehicle; stability axle 

CYNFT 

launch vehicle forebody 

CYNFTS 

ET and SRBs forebody 

CYNLS 

left SRB 

CYNRS 

right SRB 

CN 

normal force coefficient 

CNO 

orblter 

COTS 

ET and SRBs 
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NOMENCLATIVE (Continued) 


SYMBOL 

COMPUTER 

NOTATION 

DEFINITION 

C N (Cont'd) 

CNT 

launch vehicle 

CNFT 

launch vehicle forebody 


CNFO 

orbitei forebody 


CNBO 

orblter base 


CNBFO 

orblter body flap 

°P 

CP 

pressure coefficient 


CPBO 

orblter base 


CPBT 

ET base 


CPBLS 

left SRB base 


CPBRS 

right SRB base 

°Y 

CY 

side force coefficient 


CYO 

orblter 


CYTS 

ET and SRBs 


CYT 

launch vehicle 

ET 

- 

external tank 

F 

- 

aerodynamic force, lbs 

htSF 

LREF 

longitudinal reference length. Inches 

M 

- 

aerodynamic moment, in-lbs 

MRP 

- 

moment reference point 

MACH 

MACH 

Mach number 

NF 

- 

normal force, lbs 

0 

- 

orblter 

OTS 

mm 

launch vehicle 

P 

- 

static pressure, psla 


.A 
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NOMENCLATURE (Continued) 


COMPUTER 

SYMBOL NOTATION DEFINITION 


total pressure, psla 
pitching moment, ln-lbs 
dynamic pressure, psla 


RN/L 

Reynolds number 


- 

rolling moment, ln-lbs 


- 

Solid Rocket Booster 


- 

Solid Rocket Booster 


mm 

side force, lbs 


- 

Space Shuttle Launch Vehicle 


SREF 

reference area, In 2 


STINGS 

number of stings support < ■& 

«M/4el 

- 

external tank 


mm 

total temperature, °F 


- 

longitudinal transfer distance. 

inches 

XCP/L 

longitudinal center of pressure 
% body length 

location. 

XCP/LO 

orbiter 


XCP/LE 

ET and SRBs 


XCP/LT 

launch vehicle 



average longitudinal transfer distance 
inches 

average lateral transfer distance, inches 


NOMENCLATURE (Continued) 


SYMBOL 

COMPUTER 

NOTATION 

DEFINITION 

Y cp 

YCP/L 

lateral center of pressure location, 
% body length 


YCP/LO 

orblter 


YCP/LE 

ET and SRBs 


YCP/LT 

launch vehicle 

YM 

«» 

yawing moment, in-lbs 

Z 

- 

vertical transfer distance. Inches 

Z 

- 

average vertical transfer distance. Inches 


ALPHA 

orblter angle of attack, degrees 

“N 

ALFNOM 

orblter nominal angle of attack, degrees 

°Sc 

ALPHAT 

external tank angle of attack, degrees 

3»®o 

BETA 

orblter angle of sideslip, degrees 

»N 

BETNOM 

orblter nominal angle of sideslip, degrees 

3 X 

BETAT 

external tank angle of sideslip, degrees 

6 

e l 

IB-ELV 

inboard elevon deflection, degrees 

o> 

<* 

o 

OB-ELV 

outboard elevon deflection, degrees 

Subscripts 



b 

- 

Orblter base condition 

£ 

- 

forebody condition 

0 

- 

Orblter 

S 

- 

solid rocket booster 
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NOMENCLATURE (Concluded) 


COMPUTER 

SYMBOL NOTATION DEFINITION 


Subscripts (Cont'd) 

T 

TS 

X 

Y 

2 

CO — 


external tank 

external tank and solid rocket booster 
combined 

longitudinal axis 
lateral axl3 
vertical axis 
freestream condition 
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INTRODUCTION 


This report describes an experimental wind tunnel test program 
conducted in the MSFC 14-Inch Trisonlc Wind Tunnel. The objectives 
of the test were; 

1. Determine the External Tank/Orblter attach structure 
aerodynamic coefficients. 

2. Determine the effect of Orblter nose mold line changes 
on the Orbiter aerodynamic coefficients in the launch 
configuration. 

3. Compare flow angularity determined by inverted model 
with tunnel calibration. 

4. Determine the effect of instrumentation wire bundles 
placed next to attach structure on Orbiter aerodynamics. 

The 74-OTS 0.004-scale model was used in this test. The v.. 'biter 
contained a six-component balance and was sting supported. The ET was 
supported by -he SRB's, each of which was sting supported. For a por- 
tion of the test, a balance supported on a single sting was installed 
in the ET and measured combined ET/SRB aero load. The SRB's were 
supported by the ET. The Orbiter /ET attach structure was alternately 
placed on the Orbiter and the ET. 

Data were obtained at eight Mach numbers over the range from 0.6 
to 1.25 at angles of attack and sideslip from -8 to +8 in 2 deg incre- 
ments. Twq runs were made at a Mach number of 4.96 with both SRB's 
removed. 





CONFIGURATIONS.. INVESTIGATED 


The SSLV model (Figure 1) used for this test Is the sane as In 
test I A- 140 with certain modifications. A complete description of 
the model is given in Reference 2. 

Modifications to all three major components of SSLV, i.e. , ET, 
Orbiter, and SRB were made for this test. The ET nose was updated to 
a sharp cone and the attach structure was modeled in more detail. 
Fairings and a wire bundle utilized on previous larger model tests 
were simulated on this model. Figure 2a gives the dimensions of the 
ET aft attach structure, while Figure 2b delineates the fairings and 
wire bundles. Figure 3a is a photograph of the assorted attach struc- 
ture parts. When the attach structure was part of the ET, it was 
labeled (At) and the configuration was .always the same. However, When 
the attach structure was part of the Orbiter, several configurations 
were tested and are labeled AO, A01, A02, etc. Figure 3b depicts the 
AT condition, while Figures 3c and. 3d show two of the Orbiter mounted 
AO conditions. 

Orbiter mold line changes shown in Figure 2c were simulated by 
building up the existing Orbiter wing and nose. The actual mold line 
Increments on the model, converted to full scale, are shown in Figures 
2d and 2e for several typical cross sections. The Orbiter 102 wing is 
thinner than the Orbiter 101 wing, so the mold line changes simulated 
are in the opposite direction of full scale changes from Orbiter 101 
to 102. 

Both SRB’s were modified slightly. The aft ET/SRB attach ring 
ya p modified to resemble the most recent configuration and was shifted 
aft 6 in. full scale (or 0.024 in. model scale). Aleo, SRB separation 
motors were simulated on the aft skirt and a- tunnel was simulated 
r unnin g from the shoulder to the -flare exit plane. 


CONFIGURATIONS INVESTIGATED (Continued) 


The nomenclature for the modified model atid various attachments 
is as follows: 

01 101 Orblter 

02 102 Orblter with mold line Changes on wing and 
nose 

03 102 Orblter with mold line changes on wing only 

A0 attach structure on orblter; footing (skis) on 

structure; 7-in. gap full scale between Orblter 
and crossbeam 

A01 A0 attach structure with "skis" removed 

A02 attach structure from IA-140 test 

A03 A01 attach structure with gap reduced to 

2 in. full scale 

♦ 

A04 attach structure fabricated to reflect latest 

known dimensions, l.e. , leg diameter and- angles, 
gap size; add footing to tank 

AT attach structure on ET 

PT propellant feedlines attached to ET 

PO propellant feedlines attached to Orblter 

FI Orblter to ET propellant line fairing (see Figure 2b) 

F2 ET to SRB attach fairing (see Fi ,’ure 2b) 

F3 wire bundle simulated on Orblter to ET propellant 
line (see Figure 2b) 

B1 SRB to ET aft fairing (see Figure 2b) 
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CONFIGURATIONS INVESTIGATED (Concluded) 


T1S1 balance In sting supported Otbiter; ET attached 
to dual sting supported SRB' s 

T2S2 stings and balances in Orbiter and ET; SRB's 
supported by ET 
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TEST CONDITIONS 


i 


The tunnel conditions existing during the test are listed in 
Table I, while Table II shows the model configuration and altitude 
scheduled for each run. 

The test apparatus utilized was the same as test IA-140 (Reference 
2) with some modifications. The model was supported by two or three 
stings. In the three-sting configurations, there was a sting in the 
Orbiter and each SRB. The Orblter contained a six-component balance 
with a dummy balance in each SRB. In the two sting arrangement, the 
Orbiter and ET each contained a sting and a six-component balance. The 
stings were shortened from IA-140 test conditions to place the center 
of the model at the tunnel sector center of rotation. 

The Orbiter was supported by MSFC balance No. 239 and the tank by 
MSFC balance No. 231. The estimated maximum model loads and the balance 
capacities and accuracies are shown in Table III. 

Model base pressure tap locations are shown in Figure 2f. The 
three Orlbter pressures were manifolded to provide a single value. 
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TEST FACILITY DESCRIPTION 


The Marshall Space Flight Center 14" x 14" Trlsonic Wind Tunnel 
is an intermittent blowdown tunnel which operates by high pressure air 
flowing from storage to either vacuum or atmospheric conditions. A 
Mach number range from .2 to 5.85 is covered by utilizing two Inter- 
changeable test sections. The transonic section permits testing at 
Mach 0.20 through 2.50, and the supersonic section permits testing at 
Mach 2.74 through 5.85. Mach numbers between .2 and .9 are obtained by 
using a controllable diffuser. The range from .95 to 1.3 is achieved 
through the use of plenum suction and perforated walls. Mach numbers 
of 1.44, 1.93, and 2.50 are produced by interchangeable sets of fixed 
contour nozzle blocks. Above Mach 2.50 a set of fixed contour nozzle 
blocks are tilted and translated automatically to produce any desired 
Mach number in .25 increments. 

Air is supplied to a 6000 cubic foot storage tank at approximately 
-40°F dewpoint and 500 psi. The compressor is a three-stage recipro- 
cating unit driven by a 1500 hp motor. 

The tunnel flow is established and controlled with a servo actuated 
gate valve. The controlled air flows through the Valve diffuser into 
the stilling chamber and heat exchanger where the air temperature can 
be controlled from ambient to approximately 180°F. The air then passes 

through the test section which contains the nozzle blocks and test 

> 

region. 

Downstream of the test section is a hydraulically controlled pitch 
sector that provides a total angle of attack range of 20 6 (±10°). 

Sting offsets are available for obtaining various maximum angles of 
attack up to 90°. 
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DATA REDUCTION 


All model forces and moments (measured by balance Nos. 231 and 239) 
were resolved in the body axis system and are presented in the form of 
non-dlmenslOualized coefficients* Data were corrected for weight tares 
and sting/balance deflections. All data herein are presented In terms 
of the orblter attitude. A slight delta attitude existed between the 
components due to Individual sting deflections. The ET attitude condi- 
tions are tabulated for comparison for the two sting test conditions. 

Balance Measured Aerodynamic Coefficients 

Body axis coefficients and base pressure coefficients were reduced 
as shown below. No corrections were made to these coefficients due to 
measured base pressures. Moment transfers are depicted In Figure 2e* 
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DATA REDUCTION (Continued) 
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The following equations apply to the two sting, two balances setup 


only. 
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DATA REDUCTION (Continued) 


Forebody Normal Force Coefficient (C„ ) for the Total Launch Vehicle 
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DATA REDUCTION (Continued) 
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For the single s ting/balance in the orblter setup , the TS terms 
are dropped from the equations given above. 

The force data were al«o rotated to the stability axis system and 
the centers of pressure (X^p in ET station, inches full scale, both 
pitch and yaw) computed. 
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DATA SET/RUN NUMBER COLLATION SUMMARY 











































MSFC 239 - Orblter 




Capacity 

Estimated 
Max Load 

Accuracy* 

Coefficient** 

Tolerance 

NF 

200 lb 

95 lb 

±1.0 lb 

±0.016 

SF 

100 lb 

40 lb 

±0.5 lb 

±0.008 

AF 

50 lb 

48 lb 

±0.25 lb 

±0.004 

PM 

197 in-lb 

170 in-lb 

±0.99 in-lb 

±0.0031 

RM 

98 in-lb 

56 in-lb 

±0.49 in-lb 

±0.0016 

YM 

50 in-lb 

42 in-lb- 

±0.25 in-lb 

±0.0008 

MSFC 231 - ET 




C 

apaclty 

Estimated 
Max Load 

Accuracy* 

Coefficient** 

Tolerance 

NF 

122 lb 

16 lb 

±0.61 lb 

±0.0098 

SF 

52 lb 

9 lb 

±0.26 lb 

±0.0042 

AF 

22 lb 

14 lb 

±0.11 lb 

±0.0018 

PM 

122 in-lb 

25 in-lb 

±0.61 in-lb 

±0.0019 

RM 

30 in-lb 

3 in-lb 

±0.15 in-lb 

±0.0005 

YM 

53 in-lb 

14 in-lb 

* 

±0.27 in-lb 

' ±0.0008 


* Accuracy based on ±0.5Z of balance capacity. 

** Tolerance based on q - 10 pel. 


28 





General Arrangement of Launch Vehicle Model 











•iAf Sr 




/fob JSW 

\b/ f2A/*/t/)\ 


Sffq *Sr90S.67? 


•A&&: Svrtf SlsCtl 




Figure 2b. - Fairings and Wire Bundles 
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Orbiter with (A04) Attach Structure and (FI) Fairings 
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Orbiter Angle of Attack, « 0 (degrees) 

FIG. »f EFFECT OT 0R8ITER MOLD LINE ON ORBITER LONGITUDINAL AERODYNAMICS 
ATTACH STRUCTURE ON ET 

(B)MACH = .80 PAGE 



ro 



I 

•; 

fi 















01 


01 














Orb I ter Angle of Sideslip, i 0 (degrees) 

FIG 5 EFFECT OF ORBITER MOLD LINE ON ORBITER LAT. -DIRECT. AERODYNAMICS 
ATTACH STRUCTURE ON ET 

( A ) MACH = .60 
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Orblter Angle of Sideslip, B 0 (degrees) 

FIG. 5 EFFECT OF ORBITER MOLD LINE ON ORBITER LAT. -DIRECT. AERODYNAMICS 
ATTACH STRUCTURE ON ET 

(G)MACH = 1.14 PAGE 
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Orbfler Angle o.f Allack, o 0 (degrees.) 

FIG. 6 EFFECT OF ORB. NOSE MOLD LINE ON ORB. LONG. AERODYNAMICS 
ATTACH STRUCTURE ON ORB I TER 

(A) MACH = .60 





Orbller Angle of Altack, o 0 (degrees) 

FIG. 6 EFFECT OF ORB. NOSE MOLD LINE ON ORB. LONG. AERODYNAMICS 
ATTACH STRUCTURE ON ORB I TER 

(C)MACH = .89 PAGE 
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Orbller Angle of Altack, o 0 (degrees) 

FIG. 6 EFFECT OF ORB. NOSE MOLD LINE ON ORB. LONG. AERODYNAMICS 
ATTACH STRUCTURE ON ORB I TER 
























Orbiter Angle of Altack, o 0 (degrees) 

FIG. 9 EFFECT OF ATTACH STRUCTURE LOCATION ON ORBITER LONGITUDINAL AERO 
CHARACTERISTICS (THREE STING ARRANGEMENT) . 

( A ) MACH = .60 PAGE 
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FIG. 9 EFFECT OF ATTACH STRUCTURE LOCATION ON ORBITER LONGITUDINAL AERO 
CHARACTERISTICS (THREE STING ARRANGEMENT) 







Orblter Angle of Altack, a 0 (degrees) 
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Orbiter Angle of Sideslip, fi 0 (degrees) 

FIG. 10 EFFECT OF ATTACH STRUCTURE LOCATION ON ORBITER LAT. -DIRECT 
_ CHARACTERISTICS (THREE STiNG ARRANGEMENT) U 
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Orbller Angle of Attack, o 0 (degrees) 

FIG. 11 EFFECT OF ATTACH STRUCTURE LOCATION ON ORBITER LONGITUDINAL AERO 
CHARACTERISTICS (TWO STING ARRANGEMENT) 








Orblter Angle of Attack, o 0 (degrees) 

FIG. il EFFECT OF ATTACH STRUCTURE LOCATION ON ORBITER LONGITUDINAL AERO 
CHARACTERISTICS (TWO STING ARRANGEMENT) 















Orbiter Angle of Attack, a 0 (degrees) 

FIG. 11 EFFECT OF ATTACH STRUCTURE LOCATION ON ORBITER LONGITUDINAL AERO 
CHARACTERISTICS (TWO STING ARRANGEMENT) 








Orbiter Angle of Atlack, o 0 (degrees) 

FIG. 11 EFFECT OF ATTACH STRUCTURE LOCATION ON ORBITER LONGITUDINAL AERO 
CHARACTERISTICS (TWO STING ARRANGEMENT) ' 

(H)MACH = 1.2H p AG 




Orbiter Angle of Sideslip, B 0 (degrees) 

FIG. 12 EFFECT OF ATTACH STRUCTURE LOCATION ON ORBITER LAT. -DIRECT. AERO 
CHARACTERISTICS (TWO STING ARRANGEMENT) 






Orbiter Angle of Sideslip, 6 0 (degrees) 

FIG. 12 EFFECT OF ATTACH STRUCTURE LOCATION ON ORBITER LAT.-OIRECT 
CHARACTERISTICS (TWO STING ARRANGEMENT) 
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Orbiter Angle of Sideslip, fi 0 (degrees) 

FIG. 1H EFFECT OF ATTACH STRUCTURE LOCATION ON EXT. TANK LAT. -DIRECT. 

AERO CHARACTERISTICS 

( A ) MACH = .60 PAGE 




CONFIGURATION 






Orbller Angle of Sideslip, fi 0 (degrees) 

FIG. 14 EFFECT OF ATTACH STRUCTURE LOCATION ON EXT, TANK LAT. -DIRECT. 
AERO CHARACTERISTICS 
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Orbller Angle of Sideslip, A 0 (degrees) 

FIG. l*f EFFECT OF ATTACH STRUCTURE LOCATION ON EXT. TANK L AT. -DIRECT 
AERO CHARACTERISTICS 

(G)MACH = 1.15 
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Orblter Angle of Attack, or 0 (degrees) 

FIG. 15 EFFECT OF WIRE BUNDLE FAIRING ON ORB. LONG. AERO. CHARACTERISTICS 
THREE STING ARRANGEMENT 








OrbHer Angle of Attack, o 0 (degrees) 

FIG 15 EFFECT OF WIRE BUNDLE FAIRING ON ORB. LONG. AERO. CHARACTERISTICS 
THREE STING ARRANGEMENT 
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Orbflcr Angle of Attack, a 0 (degrees) 

FIG. 15 EFFECT OF WIRE BUNDLE FAIRING ON ORB. LONG. AERO. CHARACTERISTICS 
THREE STING ARRANGEMENT 














Orb I ter Angle of Sideslip. fi 0 (degrees) 

FIG 16 EFFECT OF WIRE BUNDLE FAIRING ON ORB. LAT. -DIRECT. AERO. CHARACT 
THREE STING ARRANGEMENT 































Orblter Angle of Attack, o 0 (degrees) 

FIG. 17 EFFECT OF WIRE BUNDLE FAIRING ON ORB. LONG. AERO. CHARACTERISTICS 
TWO STING ARRANGEMENT 
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EFFECT OF WIRE BUNDLE FAIRING ON E.T. LONG. AERO. CHARACTERISTICS 









Orbiter Angle of Attack, a 0 (degrees) 

FIG. 19 EFFECT OF WIRE BUNDLE FAIRING ON E.T. LONG. AERO. CHARACTERISTICS 









Orbller Angle of Allack, o 0 (degrees) 

FIG. 19 EFFECT OF WIRE BUNDLE FAIRING ON E.T. LONG. AERO. CHARACTERISTICS 








Orblter Angle of Altack, o 0 (degrees) 

FIG. 19 EFFECT OF WIRE BUNDLE FAIRING ON E.T. LONG. AERO. CHARACTERISTICS 






Orfrtter Angle of Attack, o 0 (degrees) 

FIG. 19 EFFECT OF WIRE BUNDLE FAIRING ON E.T. LONG. AERO. CHARACTERISTIC? 
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Orbtter Angle of Sideslip, 6 0 (degrees) 

FIG. 20 EFFECT OF WIRE BUNDLE FAIRING ON E.T. LAT. -DIRECT. AERO. CHARACT. 





Orbller Angle of Sideslip, B 0 (degrees) 

FIG. 20 EFFECT OF WIRE BUNDLE FAIRING ON E.T. LAT .-DIRECT . AERO. CHARACT 
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Orblter Angle of Allack, ® 0 (degrees) 
FIG. 21 FLOW ANGULARITY IN LONGITUDINAL CX-Z) PLANE 






Orbtter Angle of Ailack, o 0 (d 
FIG. 21 FLOW ANGULARITY IN LONGITUDINAL CX-Z) PLANE 

















Orbiter Angle of Attack, o 0 (d 
FIG. 21 FLOW ANGULARITY IN LONGITUDINAL (X-Z) PLANE 
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FIG. 21 FLOW ANGULARITY IN LONGITUDINAL CX-Z) PLANE 












FIG. 21 FLOW ANGULARITY IN LONGITUDINAL (X-Z) PLANE 






Orbiler Angle of Sideslip, 
FIG. 22 FLOW ANGULARITY IN LATERAL (X-Y) PLANE 









Orblter Angle of Sideslip, 
FIG. 22 FLOW ANGULARITY IN LATERAL (X-Y) PLANE 
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FIG. 22 FLOW ANGULARITY IN LATERAL CX-Y) PLANE 
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FIG. 22 FLOW ANGULARITY IN LATERAL 
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Orbller Angle of Sideslip, 
FIG. 22 FLOW ANGULARITY IN LATERAL (X-Y) PLANE 





APPENDIX 


TABULATED SOURCE DATA 


Calculated summary coefficients listed in the 
Data Reduction section are retained on DATAMAN 
database files and are available upon request. 
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